Introduction
Nematodes are microscopic worms. Many nematode species live in the soil, and some soil-dwelling nematodes feed on plant roots. These plant-parasitic nematodes can cause considerable damage and yield loss when population densities (numbers) become high.
Nematodes that feed on and damage corn have been known to occur in Iowa and other parts of the Midwestern United States since the 1950s. But in the late 1980s, crop producers in the Midwest began battling a new nematode parasite, the soybean cyst nematode (SCN).
SCN continues to be a serious yield-limiting pest of soybeans throughout Iowa and the Midwest, causing yield losses directly as well as indirectly by intensifying other serious soybean diseases. But recent changes in corn production practices have some growers and agribusiness personnel anticipating an increase in damage and yield loss to corn from nematodes.
Following is a review of the basic biology of corn nematodes and SCN and some facts about management strategies that are currently available and on the horizon to help corn and soybean growers battle these microscopic pests.
Corn nematodes
There are many species of plant-parasitic nematodes that feed on corn. Most are found anywhere that corn is grown. Nearly all corn nematode species likely are native to the United States, and they probably fed upon native grasses before corn was grown as a crop. The common and scientific names and other basic characteristics of the most frequently found corn nematodes are listed in Table 1 . The lesion and needle nematodes are the most common species that damage corn in Iowa.
Most corn nematodes remain outside of the plant roots while feeding, only inserting their pointed mouth-spear, called a stylet, into the roots. These nematodes are called ectoparasites. However, the lance and lesion nematodes enter the corn root tissue and feed within the roots; they are considered endoparasites.
Plant-parasitic nematodes damage corn plants by causing general stress on the plants, by stunting the roots, and by creating wounds on the roots through which bacteria and fungi can enter and cause rotting.
Symptoms
There is a range of above-and belowground symptoms that corn can display when damaged by plant-parasitic nematodes. Common aboveground symptoms include thin stands, uneven plant height, stunted plants, uneven tasseling, leaf yellowing, and small ears and kernels. Swollen roots, lack of fine roots and root branching, and necrotic lesions (dead spots) are common symptoms of nematode feeding on roots. None of these symptoms is unique to nematode damage alone, so symptoms cannot be used to definitively diagnose nematode damage. 
Scouting and sampling
The only way to accurately determine if plant-parasitic nematodes are damaging corn is to collect a soil and root sample and have it analyzed by a qualified laboratory. Several points should be considered when collecting a sample for diagnosis of a corn nematode problem.
• Samples need only be collected if the corn crop is showing obvious symptoms of some kind of damage.
• Samples should be collected during the middle of the growing season to determine what nematodes are present and if their population densities are high enough to cause the damage that is being observed.
• Collect numerous (20 or more) soil cores, 12 inches deep, from the root zone of plants exhibiting a range of symptoms, not just from the most severely affected plants.
• Collect two or three corn root systems from damaged, but not dead, plants.
Once the nematodes are extracted from the soil and roots, identified, and counted, various pieces of information need to be considered to determine whether or not the nematodes present in the sample were partially or primarily responsible for the damage observed in the corn crop.
Collecting a good sample and providing pertinent and complete background information about the circumstances in the field are critical steps in making an accurate assessment of the potential for damage. Information about the field history, soil type, and rainfall can be instrumental in making an accurate judgment as to whether the numbers of nematodes recovered from the sample are sufficient to cause damage to corn.
Determining whether nematodes are responsible for damaging a corn crop is ultimately based on whether the population densities of the various nematode species recovered from a soil and root sample are high enough to cause the observed damage. Damage thresholds for corn nematodes vary tremendously among different nematode species (see Table 1 ). For example, only 1 needle nematode per 100 cm 3 (a little less than a half-cup) of soil is believed to be capable of damaging corn, but more than 1,000 spiral nematodes per 100 cm 3 soil are necessary to be considered damaging to corn. Unfortunately, the damage thresholds that are available for use in interpreting the results of soil and root samples are based on research done more than 20 years ago.
Management
If the results of soil and root sample analysis indicate that nematodes are partially or primarily responsible for the damage that is occurring, nothing can be done to minimize damage or "rescue" the current corn crop. But there are management strategies available to protect corn from nematode damage in future years. These management options include growing nonhost crops, applying a nematicide to the soil, and using a new seed-treatment nematicide product.
If the corn crop is being damaged by needle nematode, sting nematode, or some species of lesion nematode, growing alfalfa and soybean will reduce nematode population densities and, thus, the potential for damage to future corn crops because these nematode species cannot feed on these crops. Growing soybean or alfalfa for one or two years may be sufficient to lower the numbers of needle, sting, and lesion nematode to below damage thresholds for corn.
There are few soil-applied nematicides currently labeled for use in controlling plant-parasitic nematodes on corn. The nematicides are applied to the soil across the field at planting, but damaging population densities of plantparasitic nematodes may occur in discrete patches or "hot spots" in corn fields. Consequently, much of the soilapplied nematicide may be unnecessary, making their use uneconomical. Nematicides will not kill all nematodes and may not even result in lowered nematode population densities at the end of the growing season, so the nematicide will need to be applied each time a corn crop is grown.
Seed-treatment nematicides for corn will be widely available for the first time in 2010. One such product, available from Syngenta Corporation, is called Avicta ® . The active ingredient in Avicta ® is abamectin. Avicta ® is reported by Syngenta Corporation to provide early season protection against nematode feeding, resulting in increases in corn yields in fields where damaging population densities of corn nematodes exist. In September 2009, Bayer CropScience announced they will release Votivo ® , a biological nematode control product, formulated in a seed treatment for corn in 2010. It will be interesting to see how these new seed-treatment nematicide products affect nematode population densities, if such effects can be detected in soil sample results, and how consistently yields will be increased through use of the products.
Prospects for 2010
Nematode damage to corn and the possibility of increased corn yields through use of nematode management strategies in 2010 should be similar to previous years in Iowa. There are no data to indicate that corn nematode population densities are increasing, but damaging populations of corn nematodes no doubt continue to exist throughout the state. The new seed-treatment nematicide products becoming available may result in increases in corn yields due to control of plant-parasitic nematodes that growers did not realize were limiting corn yields.
Soybean cyst nematode
The soybean cyst nematode (SCN), Heterodera glycines, is a species of plant-parasitic nematode that feeds on soybean. Other than weeds, SCN is the most economically important pest of soybean in Iowa and the Midwest. SCN is widely distributed and has excellent long-term survival. SCN population densities build up each year that susceptible soybeans are grown, regardless of the rainfall and temperature that occur during the growing season.
The life cycle of SCN is very different than that of the corn nematodes described above. Worm-shaped SCN juveniles hatch from eggs and penetrate soybean roots, then attached to the vascular tissue and swell as they mature. Those juveniles that become females swell throughout their life and eventually rupture through the soybean root surface. Juveniles that develop into males also swell until they are nearly adults, but they revert back to a worm shape and migrate out of the root into the soil. The SCN males mate with females on the surface of the soybean root. Adult SCN females produce 50 to 100 eggs outside of the body, and then female bodies fill internally with 200 or more eggs each. When the adult SCN female dies, the body wall toughens into a protective cyst around the eggs. SCN damages soybeans by stunting roots, disrupting the functioning of the vascular tissue in the roots, creating wounds on the roots for other microorganisms to enter, and interfering with nitrogen fixation of nodules on the roots.
Symptoms
Soybean plants infected with SCN may be stunted and have yellow leaves. But the aboveground symptoms may not show up for years, until SCN population densities have increased to high or very high levels, especially if rainfall is plentiful and temperatures are not extremely high during the growing seasons. Up to 40% yield loss can occur without the appearance of any aboveground symptoms. Below ground, the roots of SCN-infected plants will be stunted and discolored brown and the roots may have fewer nitrogen-fixing nodules. These symptoms are difficult to recognize unless one has roots of healthy soybeans of a similar age to look at for comparison.
Scouting and sampling
To find out if a field is infested with SCN, one must dig roots during the growing season and look for white SCN females on roots or collect soil samples from fields and have the samples tested them for the presence of SCN.
The first SCN females usually will appear on soybean roots 4 to 6 weeks after planting. But females may take longer to appear on roots if spring weather is cool and/or wet. Adult SCN females are small, white objects about the size of a period at the end of a sentence. The females are much smaller and also lighter in color than nitrogen-fixing nodules.
To collect a soil sample to test for SCN:
• Samples can be collected any time of the year.
• Use a soil probe and collect 8-inch-deep soil cores.
• Collect 15 to 20 soil cores in a zigzag pattern.
• Collect a set of soil cores for each 20 acres or so.
• Mix soil cores well and fill a sample bag with about one cup of soil.
A soil sample can be used to test for SCN and for nutrient analysis. Numerous private soil testing laboratories in Iowa and the Midwest can test soil samples for SCN. The Iowa State University Plant and Insect Diagnostic Clinic also analyzes soil samples for SCN. The mailing address of the Clinic is 327 Bessey Hall, Department of Plant Pathology, Iowa State University, Ames, IA 50011-1020. The current fee for SCN analysis is $15 per sample
Management
For fields that are infested with SCN, two management strategies are commonly used: growing nonhost crops, such as corn, and SCN-resistant soybean varieties.
When corn or some other SCN nonhost crop is grown in an SCN-infested field, some SCN eggs hatch. Many of the emerged SCN juveniles starve in the soil, but some juveniles will penetrate the nonhost plant roots. The SCN juveniles cannot develop and reproduce in the nonhost roots. Typically, SCN egg population densities decrease from 10 to 50 percent after a single season of corn in Iowa. The decline in population density is less during a second consecutive year of corn.
There are hundreds of soybean varieties in maturity groups 1, 2, and 3 that have genetic resistance to SCN. SCNresistant soybean varieties yield greater than non-resistant (susceptible) varieties in SCN-infested fields because resistant varieties suppress SCN reproduction to 10 percent or less of what would occur on a susceptible variety. So SCN-resistant soybean varieties prevent large increases in SCN population densities.
There are three different types or sources of resistance used to develop the SCN-resistant soybean varieties that are available in the Midwest. These sources of resistance are called Peking, PI 88788, and PI 437654. The PI 437654 source of resistance sometimes is referred to as Hartwig resistance and a version of this resistance is the branded CystX ® resistance.
Each source of SCN resistance has several genes that provide resistance to the nematode. Not all of the resistance genes from a source need to be in a soybean variety for the variety to be resistant to SCN. So soybean varieties with the same source of resistance will not necessarily have the same level of resistance to SCN.
Resistance to SCN is not 100% effective; a few SCN females will develop on roots of resistant varieties. Exactly how many SCN females develop on a resistant soybean variety depends on the resistance genes in the soybean variety and also the genetic makeup of the SCN population in the field. One way to avoid SCN populations developing the ability to reproduce on SCN-resistant soybean varieties is to grow varieties with different sources of resistance in different years. If it is not possible to get seed of an SCN-resistant variety with a source of SCN resistance different from what had been previously been used, rotate among different SCN-resistant varieties with the same source of resistance.
In recent years, the winter annual weeds purple deadnettle, henbit, and field pennycress have been discovered to be moderate to good hosts for SCN. SCN cannot develop in roots below 50°F. But if these winter annual weeds are growing in SCN-infested fields and soil temperatures are above 50°F, increases in SCN population densities could occur and, therefore, management of these weeds may be warranted.
Prospects for 2010
SCN is much less noticeable and also much less damaging in years of adequate to excess rainfall and cool to moderate temperatures. Consequently, SCN has not been widely recognized as a major factor reducing soybean yields in Iowa for the past few seasons. However, because of the high reproductive capability and effective longterm survival of SCN, the nematode continues to be a serious threat to soybean production and it will be especially problematic when hot, dry growing conditions occur in the future.
Almost all SCN-resistant soybean varieties available to Iowa growers possess the PI 88788 source of SCN resistance, and it is no longer uncommon for Iowa SCN populations to have greater than 10% reproduction on PI 88788. But SCN-resistant varieties with PI 88788 as the source of resistance continue to yield greater than susceptible soybean varieties and also continue to prevent increases in SCN population densities throughout the growing season. So growing resistant varieties is still an effective SCN management strategy.
